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(54) Optical pickup for cd/dvd compatible player 

(57) A monolithic double-wavelength semiconduc- 
tor laser diode is provided in a DVD/CD compatible 
player to suppress deterioration in the optical character- 
istics of a reading light spot. A laser diode is a mono- 
lithic element which has two light emitting points (21 ,22) 
on a single substrate for emitting two different laser 
beams having different wavelengths with each other. A 
central line of a main laser beam for use in reproducing 
DVDs is positioned closer to the optical axis Y of an opti- 
cal system than a central line of a laser beam for use in 
reproducing CDs. In another arrangement, the central 
line of a main laser beam for use in reproducing DVDs is 
positioned so as to be coincident with the optical axis Y 
of the optical system. 
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Description — 

Field of the Invention 

5 [0001] The present invention relates generally to an optical pickup for emitting a plurality of laser beams having dif- 
ferent wavelengths to read information signals from a plurality of different types of recording media, and more particu- 
larly to an optical pickup apparatus for DVDs and CDs. 

Background of the Invention 

10 

[0002] Generally, a semiconductor laser diode is used as a light source for an optical pickup for reproducing optical 
recording media such as CDs and DVDs. 

[0003] For satisfactorily reproducing the recording media, semiconductor laser diodes having different light emitting 
wavelengths and objective lenses with different numerical apertures (NA) should be provided for reproducing CD and 
75 DVD, respectively. For example, a laser diode emitting a laser beam at wavelength of 650nm and an objective lens hav- 
ing NA of 0.6 is used for reproducing DVDs, while a laser diode emitting a laser beam at wavelength of 780nm and an 
objective lens having NA of 0.45 is used for reproducing CDs. 

[0004] For enabling a single player to reproduce different types of discs such as CD and DVD, an optical pickup 
incorporating a light source for emitting two laser beams having different wavelengths, i.e., 650nm and 780nm has been 

20 considered. Fig. 1 illustrates an example of such an optical pickup. 

[0005] The optical pickup illustrated in Fig. 1 comprises a laser diode 1 for emitting a laser beam having a wave- 
length of 650nm; a laser diode 2 for emitting a laser beam having a wavelength of 780nm; a combining prism 3; a half 
mirror 4; a collimator lens 5'; and an objective lens 6. These components are arranged in the above order. Further, on 
another optical axis branching from the half mirror 4, a photodetector 7 is arranged. This optical system is configured 

25 so that an optical path from the laser diode to the combining prism 3 for CD reproduction is different from that for DVD 
reproduction and an optical path from the combining prism 3 to a recording medium 8 for CD reproduction is substan- 
tially identical with that for DVD reproduction. Thus, the light beams emitted from the respective laser diodes travel to 
the recording medium 8 along an optical axis Y after passing through the combining prism 3. 

[0006] The above-mentioned configuration, however, requires a large number of elements including the combining 
30 prism, which results in a high cost. In addition, the two laser diodes must be aligned with the combining prism, creating 
a complicated configuration as well as difficulties in adjusting the alignment. 

[0007] In view of the problem mentioned above, an object of the present invention is to provide an optical pickup 
apparatus having a simplified configuration for using a plurality of. laser beams having different wavelengths to reduce 
the size of the apparatus. 11 

35 

Summary of the Invention 

[0008] In one aspect, the present invention provides an optical pickup apparatus for reading information recorded 
on two types of recording media at different reading wavelengths from each other, including a first light emitting portion 

40 for emitting a first laser beam having a first wavelength; a second light emitting portion for emitting a second laser beam 
having a second wavelength longer than the first wavelength; and an optical system for guiding each of the first and sec- 
ond laser beams to the recording medium and for guiding a reflected beam from the recording medium to a photode- 
tector. In the optical pickup apparatus, the first light emitting portion and the second light emitting portion are formed on 
a single substrate of one chip, and the central axis of the first laser beam is closer to the optical axis of the optical sys- 

45 tern than the central axis of the second laser beam. 

[0009] In another aspect, the present invention provides an optical pickup apparatus for reading information 
recorded on two types of recording media at different reading wavelengths from each other, including a first light emit- 
ting portion for emitting a first laser beam at a first wavelength; a second light emitting portion for emitting a second laser 
beam at a second wavelength longer than the first wavelength; and an optical system for guiding each of the first and 

so second laser beams to the recording medium associated therewith and for guiding a reflected beam from the recording 
medium to a photodetector. In the optical pickup apparatus, the first light emitting portion and the second light emitting 
portion are formed on a single substrate of one chip, and a central axis the first laser beam is positioned so that the 
central axis is substantially coincident with an optical axis of the optical system. 

[0010] In a further aspect, the present invention provides an optical pickup apparatus for reading information 
55 recorded on two types of recording media at different reading wavelengths from each other, including a first light emit- 
ting portion for emitting a first laser beam at a first wavelength; a second light emitting portion for emitting a second laser 
beam at a second wavelength longer than the first wavelength; and an optical system for guiding each of the first and 
second laser beams to the recording medium associated therewith and for guiding a reflected beam from the recording 
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medium to a photodetector, wherein the optical system includes an objective lens for limiting an aperlure for a beam 
incident thereon. In the optical pickup apparatus, the first light emitting portion and the second light emitting portion are 
formed on a single substrate of one chip, and a central axis of the first laser beam is closer to an optical axis of the opti- 
cal system than the central axis of the second laser beam. 

5 [0011] In a further aspect, the present invention provides an optical pickup apparatus for reading information 
recorded on two types of recording media at different reading wavelengths from each other, including a first light emit- 
ting portion for emitting a first laser beam at a first wavelength; a second light emitting portion for emitting a second laser 
beam at a second wavelength longer than the first wavelength; and an optical system for guiding each of the first and 
second laser beams to the recording medium associated therewith and for guiding a reflected beam from the recording 

w medium to a photodetector, wherein the optical system includes an objective lens for limiting an aperture to a beam inci- 
dent thereon. In the optical pickup apparatus, the first light emitting portion and the second light emitting portion are 
formed on a single substrate of one chip, and a central axis of the first laser beam is positioned so that the central axis 
is substantially coincident with the optical axis of the optical system. 

[0012] According to the present invention, a main light beam of the first laser beam having a shorter wavelength is 
15 coincident with the optical axis of the optical system. In another arrangement, the first laser beam is closer to the optical 
axis of the optical system than the central axis of the second laser beam having a longer wavelength than the first laser 
beam. Therefore, deteriorations in the optical characteristics of a light spot on the recording surface are minimized even 
when the optical pickup of the present invention is used to reproduce any of a plurality of recording media with various 
reading wavelengths. 

20 

Brief Description of the Drawings 

[0013] The aforementioned aspects and other features of the invention are explained in the following description, 
taken in connection with the accompanying drawing figures wherein: 

25 

Fig, 1 is a diagram illustrating a conventional optical pickup; 

Fig. 2 is a diagram illustrating an embodiment of an optical pickup according to the present invention; 
Fig. 3 is a cross section illustrating a semiconductor laser diode; 
Fig. 4 is a diagram for explaining the concept of "image height"; 
ao Fig. 5 is a diagram for explaining the relationship between the image height and aberration during DVD reproduc- 

tion and CD reproduction; 

Fig. 6 is a diagram illustrating an embodiment of a positional relationship among a central axis and two laser beams 
according to the present invention; 

Fig. 7 is a diagram illustrating another embodiment of the positional relationship among the central axis and the two 
35 laser beams according to the present invention; and 

Fig. 8 is a diagram illustrating an example of a positional relationship among the central axis and two laser beams 
for comparison with the embodiments illustrated in Figs. 6 and 7. 

Detailed Description of Preferred Embodiments 

40 

[0014] Preferred embodiments according to the present invention will hereinafter be described in detail with refer- 
ence to Figs. 2-5. 

[0015] Fig. 2 illustrates an embodiment of an optical pickup incorporated in a CD/DVD compatible player to which 
the present invention is applied. In Fig. 2, the optical pickup 10 comprises a semiconductor laser diode 1 1 for emitting 
45 two laser beams having different wavelengths with each other. The optical pickup 10 also comprises a collimator lens 
12, a half mirror 13, an aperture limiting element 14, and an objective lens 15, which are arranged in the above order 
on an optical axis Y. Along another optical axis extending from the half mirror 13, the optical pickup 10 has an optical 
system 18 including a photodetector 16. An optical axis Y of the optical system 18 is aligned with a central axis of the 
objective lens 15. 

so [0016] Fig. 3 illustrates an example of the semiconductor laser diode 1 1 . The illustrated laser diode 1 1 is a mono- 
lithic laser diode for emitting two laser beams having different wavelengths from each other. The semiconductor laser 
diode 1 1 is formed in one-chip configuration. The semiconductor laser diode 1 1 has a first light emitting portion 21 hav- 
ing a first light emitting point A1 for emitting a first laser beam at a wavelength ofj6^nm;?a second jighrt emitting point 
22 having a second light emitting point A2 for emitting a second laser beam at a wavelength of 780n7n; a separation 

55 groove 23 which separates the first light emitting portion 21 from the second light emittingportion 22; and a back elec- 
trode 24 on the other main surface of a substrate 20 for providing a common electrode for the two light emitting portions 
21, 22. Further, an electrode 25 is formed for the first light emitting portion 21, and an electrode 26 is formed for the 
second emitter 22. 
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[0017] It should be noted that a "one-chip" element, as used in the present invention, refers to a monolithic element. 
Tj Allowing will be presented for explaining the monolithic element In a single manufacturing process of the semican- 
al or laser diode 11, respective layers constituting the first light emitting portion and the second light emitting portion 
are formed on a single substrate by means of deposition and patterning processes, respectively. Subsequently, the sub- 

5 strate is diced into each unit configuration. Then, each unit undergoes processes such as bonding and molding to form 
a common back electrode on the back surface of the substrate opposite to the surface on which the respective light 
emitting portions are formed. Therefore, the "one-chip" element of the present invention does not include a structure for 
adhering two laser diodes for emitting a laser beam having one wavelength or a structure for mounting two separate 
laser diodes on a single substrate. 

io [0018] The semiconductor laser diode 1 1 selectively emits the first laser beam and the second laser beam on the 
basis of a control signal from a laser driver (not shown). The semiconductor laser diode 1 1 does not emit the two beams 
simultaneously However, a central axis XI of the first laser beam is substantially parallel with a central axis X2 of the 
se .nd laser beam with a spacing d defined therebetween. It should be noted that the central axis of a laser beam in 
the present invention refers to a line which passes a light intensity distribution center on the cross-section of the laser 

15 beam. 

[0019] The aperture limiting element 14 may be an aperture diaphragm, for example, which limits a beam passing 
through the aperture limiting element 14. 

[0020] The photodetector 16 comprises multiple divided light receiving elements, each of which generates an out- 
put signal corresponding to incident beam intensity. The output signal of the photodetector 16 is sent to a detector cir- 
20 cuit system (not shown). 

[0021] In the configuration described above, a laser beam emitted from the laser diode 1 1 , either the first beam or 
the second beam, passes through the collimator lens 12 so as to be a parallel beam,. which is reflected by the half mirror 
12 The reflected beam is limited in beam diameter by the aperture limiting element 14, and enters the objective lens 
^t The objective lens 15 focuses the beam on a recording surface of a recording medium 17 to form a light spot. The 
25 beam modulated by information pits on the recording surface and reflected therefrom passes through the objective lens 
15 and returns to the half mirror 13. Then, the beam is separated from the optical path extending from the laser diode 
1 1 , and impinges on the photodetector 1 6. That is, the optical system 1 8 is configured so that an optical path of the first 
beam is substantially identical with an optical path of the second beam. 

[0022] The photodetector 1 6 detects the incident beam intensity on each of the light receiving elements. The pho- 
30 todetector 16 then generates a read signal, a focus error signal, and a tracking error signal based on output signals of 
the respective light receiving elements. An actuator (not shown), composed of a magnetic circuit and a coil, controls the 
objective lens 15 and the aperture limiting element 14 in both focusing and tracking directions based on the focus and 
tracking error signals to maintain the light spot on an information track at all times. 

[0023] Next, the positioning of the semiconductor laser diode 1 1 in the optical system 18 will be explained in detail. 

35 As illustrated in Fig. 3, the semiconductor laser diode 1 1 is a monolithic element which has the two light emitting points 
A1, A2 on the single substrate 20. It is therefore impossible to simultaneously coincide the central axes X1 , X2 of the 
two laser beams with the optical axis Y of the optical system 18 unless the semiconductor laser element 18 is moved. 
Thus, the central axes of the two laser beams are positioned in the optical system 1 8, taking into consideration the opti- 
cal characteristics of the light spot for reading CDs and DVDs. * 

40 [0024] Generally, for satisfactorily reproducing DVDs and CDs, the wavelength of a light source and the numerical 
aperture (NA) of an objective lens are defined as shown in Table 1 . _ 



Table 1 





DVD 


CD 


Wavelength (nm) 


V650^ 


780 — 


NA 


0.6 


0.45, : 


Beam Diameter (assume one for CD) 


. 1/1.6 


"1 



[0025] Generally, it has been found that a lens for converging light can reduce a beam diameter of the converged 
light as illustrated in Fig. 4 when a light source Ei is positioned on the central axis Y of a lens L. It can therefore be 
thought that a light source Ei positioned on the central axis Y of the lens L is an_ideal_ lig ht emitt ing point. However, the 
55 actual center Ea of the light source is not always coincident with the optical axis Y, and a light source's deviation from 
the optical axis Y dominates the optical characteristics as an "image height" H*. 

[0026] In addition, "aberration* also exists as a factor of degrading the optical characteristics. Fig. 5 shows the rela- 
tionship between the image height and the aberration of the semiconductor laser diode 11 in the optical system 18 for 
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DVD reproduction and for CD reproduction, respectively. In Fig. 5, a curved line I represents the aberration versus the 
image height when DVD is reproduced, and a curved line II represents the aberration versus the image height when CD 
is reproduced. 

[0027] It is understood from Fig. 5 and Table 1 that the aberration during DVD reproduction is larger than the aber- 
5 ration during CD reproduction regardless of the imaa eji eight' si nce NA for DVD s is l arger than that for CDs, and the 
beam diameter for DVDs is smaller than that for CDs. It is also understood that the ! inc7easifrg"rate''6f'trre aberration dur- 
ing DVD reproduction (the slope of the curved line I) is larger than the increasing rate of the aberration during CD repro- 
duction. It is further understood that when the image height equals zero, i.e., when the light emitting point is positioned 
on the optical axis, the aberration during DVD reproduction is larger than the aberration during CD reproduction. 
io [0028] Thus, for sup pressing the aberration to a minim um in both DVDs and CDs in consid eration of the relationship 
J)e tween the image height and the aberratio n, two sets of positioning illustrated in Figs. 6 and^7lin*e-assTfiTieirto be 
appro priateas~th~e positional relationship among the central axes of the two beams emitted by the semiconductor laser 
diode 1 1 and the optical axis Y of the optical system 1 8. 

[0029] Positioning (1): As illustrated in Fig. 6, a light emitting point during DVD reproduction, i.e., the first light emit- 
15 ting point A1 is positioned on the optical axis Y to coincide the central axis of the first laser beam with the optical axis 
Y, while a light emitting point during CD reproduction, i.e., the second light emitting point A2 is spaced from the optical 
axis by a distance d to position the central axis of the second laser beam away from the optical axis of the optical system 
by the distance d. 

[0030] Positioning (2): As illustrated in Fig. 7, the first light emitting point A1 is positioned at a distance d1 from the 
20 optical axis Y to space the central axis X1 of the first laser beam from the optical axis Y of the optical system by the 

distance d-,, and the second light emitting point A2 is positioned at a distance d 2 (d 2 > d 1( d 2 = d-d 1 ) from the optical 

axis Y to space the central axis X2 of the second laser beam from the optical axis Y of the optical system by the distance 

d 2 , such that the central axis X1 of the first laser beam is positioned closer to the optical axis Y of the optical system 

than the central axis X2 of the second laser beam. 
25 [0031] For reference, Fig. 8 illustrates positioning (3) in which the optical axis Y of the optical system is positioned 

in the middle of the central axis Xt of the first laser beam and the central axis X2 of the second laser beam. 

[0032] In the following, the optical characteristics of a light spot in the positioning of Figs. 6 and 7 will be explained 

with reference to Fig. 5. 

[0033] In Fig. 5, a point (P1 DVD, P1CD) represents the aberration during DVD and CD reproduction when the posi- 
30 tioning (1) is selected, while a point (P2DVD, P2CD) represents the aberration during DVD and CD reproduction when 
the positioning (3) is selected. As can be seen from Fig. 5, the positioning (3) exhibits large aberration particularly dur- 
ing DVD reproduction. On the other hand, the positioning (1) exhibits minimal aberration during DVD reproduction since 
the first light emitting spot A1 for DVD lies on the optical axis Y so that the central axis of the first laser beam is coinci- 
dent with the optical axis of the optical system 18. It is also understood that the aberration during CD reproduction is 
35 smaller than the aberration during DVD reproduction with the image height equal to d/2, even if the image height from 
the optical axis Y is d; 

[0034] As described above, deteriorations in the optical characteristics by the aberration can^be suppressed by 
positioning the central axis X1 of the first laser beam for DVD reproduction closer to the optical axis Y^of the optical sys- 
tem 18 than the central axis X2 of the second laser beam for CD reproduction. Alternatively, the above deteriorations 
40 can be suppressed by coinciding the central axis X1 with the optical axis Y of the optical system 18. The suppression 
is decreased compared with the positioning of the optical axis Y of the optical system 18 in the middle of the central axis 
of the first laser beam and the optical axis of the second laser beam. 

[0035] In the foregoing embodiment, a deflection grating, a rising mirror, and a multi-lens may be incorporated in 

the optical system 1 8 as required. 
45 [0036] Also, while in the foregoing embodiment, the semiconductor laser diode 11 and the photodetector 16 are 

implemented by separate members, the semiconductor laser diode and the photodetector may be integrally formed on 

a single substrate as a one-chip element, with elimination of the half mirror 13, to form the optical system. 

[0037] Further, while in the foregoing embodiment, the semiconductor laser diode is provided with two light emitting 

points emitting different light wavelengths, three or more light emitting points mutually having different light emitting 
so wavelengths may be provided in a single monolithic laser diode. The position of the central axis of each light emitting 

point is then adjusted with respect to the optical axis of an optical system including an objective lens, in a manner similar 

to the foregoing embodiment. 

[0038] It is understood that the foregoing description and accompanying drawings set forth the preferred embodi- 
ments of the invention at the present time. Various modifications, additions and alternative designs will, of course, 
55 become apparent to those skilled in the art in light of the foregoing teachings without departing from the spirit and scope 
of the disclosed invention. Thus, it should be appreciated that the invention is not limited to the disclosed embodiments 
but may be practiced within the full scope of the appended claims. 
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Claims 

1. An optical pickup apparatus for reading information recorded on two types of recording media at different reading 
wavelengths, comprising: 

5 

a first light emitting portion for emitting a first laser beam having a first wavelength; 

a second light emitting portion for emitting a second laser beam having a second wavelength, said second 
wavelength being longer than said first wavelength; and 

an optical system for guiding each of the first and second laser beams to the recording medium and for guiding 
10 a reflected beam from the recording medium to a photodetector, wherein: 

said first light emitting portion and said second light emitting portion are provided on a single substrate of one 
chip, and 

a central axis of the first laser beam is closer to an optical axis of said optical system than a central axis of the 
second laser beam. 

15 

2. An optical pickup apparatus Claimed 1 , wherein said optical system comprises a first optical path for guiding the 
first laser beam and a second optical path for guiding the second laser beam, wherein the first and second optical 
paths are provided so that the first optical path is substantially identical with the second optical path. 

20 3. An optical pickup apparatus for reading information recorded on two types of recording media at different reading 
wavelengths from each other, comprising: 

a first light emitting portion for emitting a first laser beam having a first wavelength; 

a second light emitting portion for emitting a second laser beam having a second wavelength, said second 
25 wavelength being longer than said first wavelength; and 

an optical system for guiding each of the first and second laser beams to the recording medium and for guiding 
a reflected beam from the recording medium to a photodetector, wherein: 

said first light emitting portion and said second light emitting portion are formed on a single substrate of one 
chip, and 

30 a central axis of the first laser beam is positioned so that the central axis is substantially coincident with an opti- 

cal axis of said optical system. 

4. An optical pickup apparatus Claimed 3, wherein said optical system comprises a first optical path for guiding the 
first laser beam and a second optical path for guiding the second laser beam, wherein the first and second optical 

35 paths are provided so that the first optical path is substantially identical with the second optical path. 

5. An optical pickup apparatus for reading information recorded on two types of recording media at different reading 
wavelengths from each other, comprising: 

40 a first light emitting portion for emitting a first laser beam having a first wavelength; 

a second light emitting portion for emitting a second laser beam having a second wavelength, said second 
wavelength being longer than said first wavelength; and 

an optical system for guiding each of the first and second laser beams to the recording medium and for guiding 
a reflected beam from the recording medium to a photodetector, said optical system including an objective lens 
45 for limiting an aperture for a beam incident thereon, wherein: 

said first light emitting portion and said second light emitting portion are formed on a single substrate of one 
chip, and 

a central axis of the first laser beam is closer to an optical axis of said optical system than a central axis of the 
second laser beam. 

50 

6. An optical pickup apparatus Claimed 5, wherein said optical system comprises a first optical path for guiding the 
first laser beam and a second optical path for guiding the second laser beam, wherein the first and second optical 
paths are provided so that the first optical path is substantially identical with the second optical path. 

55 7. An optical pickup apparatus for reading information recorded on two types of recording media at different reading 
wavelengths from each other, comprising: 

a first light emitting portion for emitting a first laser beam having a first wavelength; 
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a second light emitting portion for emitting a second laser beam having a second wavelength, said second 
wavelength being longer than said first wavelength; and 

an optical system for guiding each of the first and second laser beams to the recording medium and for guiding 
a reflected beam from the recording medium to a photodetector, said optical system including an objective lens 
5 for limiting an aperture for a beam incident thereon, wherein: 

said first light emitting portion and said second light emitting portion are formed on a single substrate of one 
chip, and 

a central axis of the first laser beam is positioned so that the central axis is substantially coincident with an opti- 
cal axis of said optical system. 

10 

8. An optical pickup apparatus Claimed 7, wherein said optical system comprises a first optical path for guiding the 
first laser beam and a second optical path for guiding the second laser beam, wherein the first and second optical 
paths are provided so that the first optical path is substantially identical with the second optical path. 

15 
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(54) Optical pickup for cd/dvd compatible player 

(57) A monolithic double-wavelength semiconduc- 
tor laser diode is provided in a DVD/CD compatible play- 
er to suppress deterioration in the optical characteristics 
of a reading light spot. A laser diode is a monolithic el- 
ement which has two light emitting points (21 ,22) on a 
single substrate for emitting two different laser beams 
having different wavelengths with each other. A central 



line of a main laser beam for use in reproducing DVDs 
is positioned closer to the optical axis Y of an optical 
system than a central line of a laser beam for use in re- 
producing CDs. In another arrangement, the central line 
of a main laser beam for use in reproducing DVDs is 
positioned so as to be coincident with the optical axis Y 
of the optical system. 
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